Abstract. Adrenal sarcomatoid carcinoma is a rare adrenal carcinoma. To the best of our knowledge, only 11 cases have been reported since 1987. Adrenal sarcomatoid carcinoma presents a diagnostic challenge due to its atypical symptoms and histological patterns. At the time of diagnosis, a large percentage of patients are already at the metastatic stage and succumb within a few months. The present study reports a case of a 59-year-old man presenting with asthenia and weight loss with adrenal sarcomatoid carcinoma metastatic to the lung. A computed tomography (CT) scan and ultrasonography of the patient's abdomen suggested a large homogeneous mass in the right adrenal gland, and a CT scan of his chest suggested lung metastasis. Right adrenalectomy was performed. Histological examination revealed that the tumor was composed of sarcomatous and carcinomatous differentiation elements. Immunohistochemical examination revealed tumor cell positivity for vimentin and cytokeratin. At the 6-month follow-up the patient exhibited no disease progression and refused further proposed treatment. The patient was alive at the time of writing the current report. The present case report additionally reviews the literature, for the purpose of raising awareness of these rare lesions and assisting in achieving accurate diagnoses and effective treatment.
Introduction
Adrenocortical carcinoma is a rare malignant tumor, accounting for ~0.02% of global malignancies (1) . Adrenocortical carcinoma has a bimodal distribution by age, with one peak age before 5 years, and the other between 40 and 50 years old, as well as a female predominance (2) . Sarcomatoid carcinomas, which are comprised of sarcomatous and carcinomatous differentiation components, are a notable kind of malignant tumor, commonly occurring in the digestive (3) and respiratory (4) tracts, and breasts (5) . This tumor is rarely observed in the adrenal glands. Primary adrenal sarcomatoid carcinoma, an extremely uncommon, aggressive malignant tumor, constitutes a subgroup of adrenocortical carcinomas (6, 7) . The typical symptoms associated with the disease are abdominal pain, weight loss and lumbago, and surgery is the major modality for the treatment of primary adrenal sarcomatoid carcinoma. Primary adrenal sarcomatoid carcinoma is likely to exhibit distant metastasis and patients often succumb to disease within 2 years following surgery (8) . The first report of primary adrenal sarcomatoid carcinoma was in 1989 by Collina et al (6) . At the time of writing the present study, to the best of our knowledge only 11 cases had previously been reported (6, (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) . The majority of those patients succumbed to disease within a year, due to local recurrence or de novo metastases. Timely and accurate diagnosis and effective treatments are therefore required. The present study reports a case of primary sarcomatoid carcinoma with lung metastasis, and reviews the previous literature in order to identify the optimal management practices.
Case report
A 59-year-old man presented to the Department of Urology, Peking University Shenzhen Hospital (Shenzhen, China) for examination on April 28, 2014, with a 4-month history of asthenia and weight loss, without fever, abdominal pain or other notable medical history. The patient provided written informed consent for the publication of their data. Upon initial physical examination, the patient's blood pressure was 115/75 mmHg, however, he exhibited no other symptoms that could be due to excessive levels of steroidal hormones or catecholamine. Abdominal palpation revealed no masses. Aldosterone (56.38 pg/ml; normal, 23.50-106.60 pg/ml) and cortisol (8 AM, 13 .96 µg/dl; normal, 7.20-18.20 µg/dl; 4 AM, 6 .61 µg/dl; normal, 2.75-6.65 µg/dl; 12 AM, 0.96 µg/dl; normal, 0.00-1.54 µg/dl) levels were within the normal limits. Initial blood tests revealed low hemoglobin levels (71 g/l; normal, 120-160 g/l). The serum levels of carbohydrate antigen 125 exceeded the normal limits [211.10 units (U)/ml; normal, <35.00 U/ml], while those of carbohydrate antigen 19-9 (2.05 U/ml; normal, <37.00 U/ml), carbohydrate antigen 15-3 (8.80 U/ml; normal, <31.30 U/ml), α-fetoprotein (1.15 ng/ml; normal, <13.40 ng/ml), carcinoembryonic antigen (0.74 ng/ml; normal, 0.00-5.00 ng/ml) and squamous cell carcinoma antigen (0.7 ng/ml; normal, 0.0-1.5 ng/ml) were within the normal ranges. Abdominal ultrasonography (LOGIQ E9; GE Healthcare, Little Chalfont, UK) revealed a right, capsuled adrenal mass of 6.5x3.7 cm, with no obvious calcification or liquefaction. A computed tomography (CT) scan, using a Sensation 16 multiple detector CT (Siemens Healthcare, Erlangen, Germany), of the abdomen indicated a well-defined, homogeneously dense, 6x4 cm tumor in the right adrenal gland (Fig. 1) . The tumor was adjacent to the liver, inferior vena cava and right renal vein (Fig. 1 ). An additional chest CT suggested bilateral lung metastases (Fig. 2) . The preoperative diagnosis was adrenal malignancy. The patient underwent right adrenalectomy. The surgery revealed an entirely capsuled tumor adhering to the liver.
Macroscopic examination revealed the tumor to be soft and ~5 cm in diameter, with its dissected surface revealing a white-to-grey rim and pink soft node within a well-defined capsule. Following resection, tissues were sent to the Department of Pathology, Peking University Shenzhen Hospital for pathological and immunohistochemical analysis. Formalin (Guangzhou Kaixiu Co., Ltd, Guangzhou, China)-fixed, paraffin (Beijing Solarbio Science & Technology Co., Ltd., Beijing, China)-embedded resected tissues (4 µm pathological sections) were used for histological staining with hematoxylin and eosin (Beijing Solarbio Science & Technology Co., Ltd.). Tissues were visualized using a microscope (DMIL-LED; Leica Microsystems, Wetzlar, Germany). Microscopic examination revealed extensive growth with epithelial and spindle cell components (Fig. 3 ). Tumor cells were observed to be large and stratified in sheets. Hyperchromatic nuclei and atypical mitoses were present. Formalin-fixed, paraffin-embedded tissues (4 µm pathological sections) were used for immunohistochemical analysis with rabbit anti-vimentin monoclonal (catalog no., RMA-0547; 1:500; Fuzhou Maixin Biotech. Co., Ltd., Fuzhou, China) and mouse anti-cytokeratin monoclonal (pan-Cytokeratin Immunohistochemistry Detection kit; catalog no., IPM067; 1:500; Guangzhou An Biping (LBP) Pharmaceutical Technology Co., Ltd., Guangzhou, China) primary antibodies. Immunohistochemistry revealed tumor cells that were diffused and strongly positive for vimentin and cytokeratin (Fig. 3) . Immunohistochemical stains for smooth muscle actin, S-100 protein, α-inhibin, human melanoma black 45, melan-A protein, synaptophysin, chromogranin A, thyroid transcription factor-1, desmin and myogenin were negative for carcinomatous and sarcomatous components (Fig. 3) . The final pathological diagnosis was primary sarcomatoid carcinoma of the right adrenal gland. Postoperatively, the patient refused adjuvant chemotherapy and was discharged from hospital. At the time of writing, 6 months postoperatively, the patient remained alive and, to the best of our knowledge, was not undergoing any further treatment or follow-up visits.
Discussion
Adrenocortical carcinoma is an uncommon, aggressive tumor, occurring annually at the rate of 0.7-2.0/1,000,000 of the global population (19) , and is known to metastasize through the lymphatic and circulatory systems, as well as through implantation (20) . It has been reported that 21-39% of all patients have distant metastasis at the time of diagnosis, which emphasizes the urgent need for novel treatment methods (2, 21) . Adrenocortical carcinoma typically metastasizes to the lung, liver, peritoneum and pleura, lymph nodes, and bones (22) . Prognosis is considerably poor, and the 5-year overall survival rate of advanced adrenocortical carcinoma is <30% (23) . Even with favorably performed radical resections, the majority of patients succumb to local recurrence or de novo metastases (2, 8, 21) .
Adrenal sarcomatoid carcinoma is a rare adrenocortical carcinoma subgroup (7) . The 2004 WHO classification defines it as a 'sarcomatoid carcinoma' (7). It rarely occurs in the urinary system and morbidity has been observed to be <3% for patients with urological malignancy (24) . Sarcomatoid carcinomas are described as malignant tumors comprised of epithelial and mesenchymal components, which may malignantly differentiate into cartilage, fibrosarcoma, bone or skeletal muscle (25) (26) (27) . Adrenal sarcomatoid carcinomas are more likely to occur in the kidney or bladder, rather than the adrenal glands (17) . These carcinomas may be classified as either functional or nonfunctional tumors (1) . Patients with functional tumors may present with symptoms caused by excessive hormones, including the following: i) Cushing's syndrome; ii) severe hypertension; iii) male feminization or iv) female masculinization. Patients with nonfunctional tumors may present with symptoms including the following: i) Weight loss; ii) abdominal masses; iii) abdominal pain; iv) low fever and v) asthenia (1) .
To the best of our knowledge, the present case report describes the 12th reported case of primary adrenal sarcomatoid carcinoma and reviews the previous literature (Table I) (6, (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) . Data collected from the present patient, as well as from the previous 11 reported cases identified in the literature, revealed that the patient age range at the time of presentation with adrenal sarcomatoid carcinoma was 29-79 years, with a mean age of 55.75 years (6, (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) . The female:male ratio in this small sample size was 1:1. The majority of studies have demonstrated that women are more susceptible to the disease (1, 28) . Based on the collected data, there appear to be no significant differences in morbidity rates between male and female patients (Table 1 ). In addition, based on the collection data, middle-aged and elderly patients should be considered high risk.
Upon initial presentation with primary adrenal sarcomatoid carcinoma, patients typically complain of abdominal pain or discomfort, lumbago and weight loss (6, (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) . Only 2/12 reported cases were functional tumors (11, 12) . The hormone levels of the present patient were within the normal limits. It is likely that, at the time of diagnosis, the patients in all 12 cases were at an advanced disease stage and had distant metastases. At diagnosis, 2 of the reported cases presented with inferior vena cava invasion and liver metastasis (12, 13) , while the present patient presented with lung metastasis preoperatively. All 12 cases were surgically treated. Only 3 of these cases received combined adjuvant chemotherapy, including the present study (6, 14) . The majority of patients succumbed to recurrence or metastasis complications within a year of surgery. The patient in the present study, along with 7 others from the literature (6,9,13,14,16-18 ), demonstrated a Adrenal sarcomatoid carcinomas tend to be aggressive, and patients often present with extensive locoregional spread at diagnosis (1) . Preoperative diagnosis is challenging, which reduces treatment effectiveness and directly influences prognosis. A previous study demonstrated that endocrine assays and CT scans are effective modalities for diagnosis and tumor location confirmation (29) . Dynamic enhanced multi-detector row CT scans may reveal tumor composition and blood supply (29) . Histopathology and immunohistochemistry must be performed to confirm a diagnosis (30) . Surgical excision, including complete metastatic resection, is currently the most effective treatment, while postoperative adjuvant chemotherapy may decrease relapse and metastasis rates (31) . Previous case reports (6, 14) and the present study appear to suggest that chemotherapy has no significant effect on adrenal sarcomatoid carcinomas. Additional research is required in order to confirm the efficacy of chemotherapy. Mitotane is recommended as the preferred treatment for patients with advanced adrenocortical carcinoma (32) . It works primarily by inducing adrenal cortex degeneration and necrosis. Chemotherapy combined with mitotane has been demonstrated to be more effective than chemotherapy alone (33) . In these treatment regimes, mitotane serum levels must be monitored. Molecularly-targeted tumor therapy has previously been studied with findings indicating that certain oncogenes, growth factors and tumor-suppressor genes are associated with adrenocortical carcinoma tumorigenesis. It should be noted that epidermal growth factor receptor (EGFR) is overexpressed in the majority of adrenocortical carcinomas (34) , and has been demonstrated to have a significant role in sarcomatoid carcinomas (35, 36) . Anti-EGFR therapy may comprise a feasible approach for the improvement of prognosis in patients with adrenal sarcomatoid carcinomas.
Adrenal sarcomatoid carcinomas are rare but aggressive tumors, and are associated with poor prognosis and a lack of effective treatment options. At present, only postoperative immunohistochemical examination is able to provide a definitive diagnosis. Surgery is the single, yet ineffective, treatment option for tumors at present. Adjuvant chemotherapy is ineffective for advanced adrenal sarcomatoid carcinoma; therefore, additional research is required in order to explore targeted therapy for the treatment of this rare, but fatal, type of tumor.
